The effect of storage duration at different storage temperatures on the plasma ammonia concentration of equine EDTA whole blood, EDTA plasma and heparin plasma samples was investigated. Further, the effect of jugular vein compression before and during blood sampling on the plasma ammonia values was evaluated. In EDTA whole blood kept at 4 °C there was no significant increase of ammonia content after 6 hours of storage, whereas the increase was already significant 3 hours after collection if the EDTA whole blood was kept at 20-22 °C. EDTA plasma samples stored at 20-22 °C, 4 °C and -20 °C showed mean ammonia formation rates of 26.8 μιηοΐ/ΐ, 6.6 μηαοΐ/ΐ and 0.03 μηιοΐ/ΐ per day, respectively. There were no differences between ammonia values of EDTA and heparin plasma samples immediately after sampling and following 3 days of storage at 4 °C and 3 and 90 days of storage at -20 °C. Although significant, the absolute differences between the mean plasma ammonia contents of EDTA blood sampled with and without compression of the jugular vein were small (20.2 ± 4
Introduction

Materials and Methods
In human sports medicine there is great interest in All of the trials used blood from clinically healthy, mature -, A * , . ~ , (5 -10 years old) saddle-bred horses, which were not exercised the determination of plasma ammonia for evaluation mtensively the d ; y bcfore blood sampling.
of the adaptation to exercise and of the performance _ u ,. , + . , , -ΛΛ 0 ΠΛ Γ ., . . * . ^ The blood was taken between 7:00-8:00 a. m. from the jugular capacity of athlets (1 -5) . The same has been true for ve j n usmg vacuum vials, without or with only slight vein cornhorses for several years (6 -9) . However, studies of pression; plasma was separated by centrifugation (15 minutes the effect of equine blood specimen handling proce-« 2^° ™ η Γ'> within one hour after sampling. horse. Each vial was considered to be one sample and after centrifugation aliquots of each sample were stored at 4 °C and at -20°C. Plasma samples kept at 4°C were assayed for ammonia immediately after separation and after three days of storage; frozen plasma samples were assayed immediately after separation and after 3 and 90 days of storage. Additionally, aliquots of the frozen heparin plasma samples were analyzed on days 10 and 21.
Storage ofEDTA whole blood
From one horse several vials of EDTA-treated blood were collected. Five vials were centrifuged immediately after collection and the ammonia concentration was measured. The other vials were kept at 20-22 °C or 4 °C and one vial kept at each temperature was centrifuged after 1,3,6 and 26 hours of storage and the ammonia concentrations determined.
Jugular vein compression
From ten horses two blood samples were taken consecutively using EDTA-containing vials: one blood sample without compression of the jugular vein and the other blood sample after 30 seconds of strong compression of the vein with the thumb distal to the site of blood collection.
Ammonia determination
Before ammonia determination the plasma samples kept at -20 °C were thawed at 20-22 °C and centrifuged for 3 minutes at 12000 min"" 1 in order to remove potential cryoprecipilates. Ammonia determination was done on an Eppendorf photometer at 334 nm with the Monotest Ammonia (Boehringer Mannheim, No. 125857), which uses NADPH as coenzyme. The within-day and day-to-day variability of the method amounted up to 11 %. The accuracy was determined with aqueous standard solutions of ammonia (Preciset Ammonia No. 166570, Boehringer Mannheim) and did not exceed 10%.
Statistics
The effect of influences on the ammonia concentration was investigated with variance analysis for repeated measures. The influence of storage duration on ammonia concentration in EDTA plasma samples kept at different temperatures was calculated by regression analysis. The mean ammonia concentrations were compared using the t-test for dependent samples. The levels of significance used were: p < 0.05, p < 0.01 and p < 0.001.
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Results
Storage of EDTA plasma
The ammonia concentration of EDTA samples stored at -20 °C did not change over 21 days. In contrast, the ammonia concentration in samples kept at 4 °C and 20-22°C increased only 24 hours after collection. However, the rate of ammonia production differed. It amounted to 6.6 μιηοΐ/ΐ per day at 4 °C and to 26.8 μιηοΐ/ΐ per day at 20-22 °C ( fig. 1 ).
Storage of heparin plasma and comparison with EDTA plasma
The ammonia contents of the heparin plasma samples kept at 4 °C for three days were significantly above the concentrations measured on the day of sampling (p < 0.01). Ammonia was also increased in the heparin plasma samples stored at -20 °C after 21 days of storage (p < 0.05 and ρ < 0.01, after 21 and 90 days, respectively; tab. 1). The changes of the ammonia content with time did not differ between the two anticoagulants used (tab. 1).
Storage of EDTA whole blood
In plasma obtained from EDTA whole blood kept at 4 °C there was no significant change in the ammonia content after up to six hours of storage. However, 
Jugular vein compression
The mean plasma ammonia concentration in EDTA blood samples collected without compression amounted to 23.4 + 4.3 μιηοΐ/ΐ, while it was 20.2 + 4.1 μιηοΐ/ΐ for the samples collected with compression. This difference was significant (p < 0.05).
Discussion
Although portable devices to measure ammonia under field conditions are available, the better standardization of methods under laboratory conditions generally allows more reliable results. Thus, depending on the time necessary to transport the specimens to the laboratory and on the amount of work to be done, it is important to know a) how much time may elapse between blood collection and plasma ammonia determination; and b) how the ammonia concentration may be maintained while allowing for sufficient time to perform the determination.
The data gained in our investigation on the stability of plasma ammonia in EDTA blood samples show clearly that plasma should be separated from the blood cells as soon as possible after collection of the specimens if the blood samples cannot be kept refrigerated. Under refrigeration it was possible to delay the separation for up to 6 hours. The importance of cell separation has been quantified for human blood samples (11 -14) and the rather slight changes most often described when the samples are kept at 4°C using enzymatic test procedures also do not make immediate cell separation necessary for human blood (11 -13) . It may be questioned even for plasma samples kept at room temperature as the ammonia production rate per hour has been quantified to be 1.4
For research purposes it is also of interest to know that the ammonia concentration does not increase markedly within 21 days if samples are kept frozen at -20 °C. Similar results have been described for human plasma from healthy subjects by da FonsecaWoUheim(\S).
In the studies of Ogilvie et al. (10) There is controversy in the literature about the effect of different blood anticoagulants on plasma ammonia content (10, 12, (19) (20) (21) . The results of this investigation allow the conclusion that EDTA and heparin do not show different effects on results of ammonia determination in equine blood plasma. The data obtained by Downas et al. (20) for human blood plasma allow similar conclusions. Therefore, ammonia values obtained from blood anticoagulated with these two substances can very well be compared.
Another possible effect on plasma ammonia concentration can be neglected for horse blood: compression of the jugular vein. Further, the only experimental results described in the literature for humans demonstrate clearly that the effect of vein compression on plasma ammonia concentrations is small (14) .
The results gained in this investigation show that if certain handling procedures for equine blood are followed, the plasma ammonia content is stable enough to allow for a reliable ammonia measurement using samples taken in the field. The possible effect of the use of NADH instead of NADPH as coenzyme for measurements of equine blood plasma ammonia values remains to be investigated.
